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SUMMARY

This report contains a summarization of studies undertaken to determine
the protection achieved by limited strip decontamination. The work was aimed
at investigation of urban area decontamination problems. The analyses have
produced results which are capable of being incorporated in engineering
calculations and in the formulation of decontaminztion guidelines.

A number of the studies pertineat co decontamination analyses were
performed in support of the CONSTRIP V Program verification. Documentation
of these results is contained in the first part of this final report and the
results are referenced only briefly in the current volume.

Among the studies performed for evaluation of limited strip decontami-
nation effectiveness and reported herein were studies of the effects of
pitoton energy on gamma ray radiation penetration calcuilations and the
effects of the changes in the fission spectrum as a functicn of time after
fission prcduct formation. Also studied were the relative importance of
contaminated strips ané¢ of rovof contamination in overall considerations of
fallout dwcontamination. These studies are summarized in the report and
further details are described ir -esearch memoranda referenced therein,

The effects of source ficld shape on ground contribution were investigated
as were the effects of using Engineering Manual calculations to predict
ground contribution ignoring field shape per se.

A description is alsc given in this report of a survey of essential
facilities in the Detroit area to determine common and special character—
istics of the structures and their surrcundings. Analyses were perforaed
to decermine decontamination effectiveness for components of these facilities

and the results are summarizes,
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ABSTRACT

A discussion is given of analyses utilizing the CONSTRIP V Computer Program
performed for the purpose of decontaminaticn operation guideline development.
The theoretical calculations ave described in summary form and principal results
are presented. Also included is a description of a survey of essential facilities
in the Detroit area, with an accompanying analyses of these facilities to determine
the effectiveness of limited strip decontamination operations.
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Evaluation of Protection Achieved by

Limited Strip Decontamination

I. TINTRODUCTION

Under a previous contract, effort was expended toward development of
a computer program to calculate the reduction in dose rate achieved by
the decontamination of limited strips of fallout., The basic calculaticnal
techniques used in this program were those incorporated in the CONSTRIP IIX
Program, developed by the National Bureau of Standards. This previous
contract work included making modifications to increase the flexibility
and utility of CONSTRIP for the purpose of limited strip decontamination
evaluation. This resulted in CONSTRIP III.lJ

The objectives of the current research were to further increase the
flexibility and utility of CONSTRIP in urban area decontamination effec-
tiveness studies, and to apply this program in the development of
éperational procedures which might be used in decontamination of urban
environments. In accordance with these objectives, research efforts have
been directed toward two major areas. The first area included the improve-
ment of the analysis techniques utilized in the CONSTRIP Program and
verification of these techniques by comparison of calculated results
with other theoretical and experimental data. The second major area of
endeavor was aimed at investigation of urban area decontamination problems.
The analyses in support of the latter effort have produced results which
are capable of being incorporated in engineering calculations. Also in
the latter area, a brief survey was made of essential facilities in the
Detroit area to ascertain the common and special characteristics of
buildings in urban areas. The results of these studies will be utilized
in the future development of decontamination guidelines.

The following sections of this report summarize the studies which
have been undertaken in this effort and give the principal results of
those studies. Details of many of the individual studies have been
reported in Part I of this final repor:. Other studies have been described

in research memoranda written throughout the program of the research. These

are summarized in the following sections. Still other studies, not previously

reported, are given complete dccumentation in this report.




II. DISCUSSION OF RESEARCH

A.  CONSTRIP Y

As called for in the objectives of this research, and as described
in the Scope of Work, Appendix A of this report, the CONSTRIP Program
for the calculation of limited strip decontamination problems has been
greatly improved with regard to its flexibility and utility in the

solution of such problems. The starting point for the current werk was
the third genevation of the program, CONSTRIP III. CONSTRIP 1II was
developed under previous v.iork on OCD Work Unit Number 3233B, and
incorporati7 procedures origina.ly developed by the National Bureau of

Standards .~ CONSTRIP V, developed in the current research 2ffort, has
been described in Part 1 of thie final report.g/
Since the CONSTRIP V Program description is available in other

documentation, the following brief description is intended for those
readers not desiring to peruse the detailed program description. This
gives an idea of the program characteristics, its utility and its
flexibility in solution of limited strip decontamination problems.
CONSTRIP V will calculate the penetration of radiation from a
uniformly contaminated horizontal source area through a shielding
wall to a point detector. Besides the capabilities of the predecessor,
CONSTRIP II1, CONSTRIP V has the capability of shielding calculations

for walls with lower edges other than the level of the source plane.

3 It incorporates an interpolation routine for operatisi on Monte Carle
data input to the program to produce data for wall thicknesses of other
than those for which specific Monte Carlo calculations have been rum.
This allows calculations of dose angular distributions received by a
point detector for arbitrary wall tkicknesses. CONSTHIP V incorporates

techniques for calculating dose rates at a detector behind a wall from

T RS Gy T T

sources characteristic of urban areas, including the effects of buildings

shielding portions of the source field from the shielding wall. Addiiionally,

T e et

i j calculations may be performed for photons of arbitrary source energv subiect
; | only to replacing the build-up factor currently supplied in the program
; for cobalt-60 with the appropriate build-up factor. The facility for
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shielding calculations for photons of arbitrary source energy has
been incorporated by including energy interpolation techniques in the
program for application to Monte Carlo data of various energies.
Interpolating Monte Carlo data for source energies of ditfferent energies
also enables the program to do spectral calculations for arbitrary gamma
source spectra, subject only to the availability of appropriate Monte Carlo
input requirements and build-up factors as mentioned above.

The program has been checked against hand calculations and the out-
put has been compared with experimental and other theoretical results
for several representative problems. The results of the program are
in good agreement with these other data and the program is believed to
be a very significant fmprovement over previous techniques for solution
of problems of barrier shielding against radiation from limited areas
of decontamination.

Various studies concerning the effectiveness of limited strip decontami-

nation have been undertaken using the CONSTRIP V Program.
briefly in the following sections.

These are discussed

1. Theoretical Calculations

Several comparisone have been made of the results of engineering
calculations of the protection afforded by wall barriers sgainst
ground fallout contamination with the results obtained utilizing
the CONSTIRIP V Program. Additionally, comparisons have been made
between the program results and the results obtained by other
theoretical calculations and between the program calculated results
and those given by experimental measurements.

The results of these various comparisons have been reported in
various places. A number of the comparisons are given in the program
verification section of the CONSTRIP V Program documentation,zj and
others have been reported in various unpublished research memoranda
which will be summarized below. 1In all cases, the results of the
comparisons have been satisfactory, and CONSTRIP V has been found to
be an accurate method of determining the dose received at a detector
shielded from a limited area of fallout contamination of arbitrary
shape through an intervening shielding barrier of arbitrary dimensions.
2. Photon Energies Used in Shielding Calculations

Since the present effort is primarily directed at determining

the effectiveness of decontamination operations in a post nuclear

attack situation, one question that immediately arises is what
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Monte Carlo data should be utilized for these decontamination
evaluations. It has been generally assumed that the cobalt-60
gamma radiation (average source energy, 1.25 MeV) closely
approximates the radiation from fallout at 1.12 hours after fission
product formation. However, the question arises whether in fact

the increase in accuracy achieved by using 235

U fission product
spectra at various times after fission product creation is

warranted oxr vhether other monoenergetic sources of photons should

be used to simulate the later time spectra. In au effort to

answer this question, a study was first undertaken to ascertain the
average energy of gamma rays resulting from nuclear fallout at various
times after creation of the failout particles. This study, which

has been reported in RTI Research Memorandg7 RM-333-1, Average

Erergy of Gamma Rays from Nuclear Fallout,= resulted in a

definition of the expected average cerergy of photons in a fission
product deposition as a function of time after fission product

creation, Spe.tral penetration calculations were made using several

calculatedgj’éj’éj’zj and one experimental determinations of the photon

spectragj arisi.g from 235

I fission products (all unfractionated)
as a function of time after product formation. The curves resulting
from the calculations all have the same general shape (Fig. 1),
with dips in average energy occurring at approximately 4 days
and again at 1,000 days. Also, all of the curves show a general
rise in the average photon energy between 5 and 30 days.

Spectral penetration calculations were performed utilizing

the unfractionated 235

5/

Cooper .=~

U fission product spectra of Nelms and

This work has been documented in a Research Memorandum,
RM-333-6.2/ These spectra were grouped about 5 energies for which
Monte Carlo data were available (0.2, 0.4, 0.66, 1.25 and 5.0 MaV),
These data, which were obtained from Berger, Eisenhauer and Hotris,lg/
were used by the CONSTRIP Program to calculate dose rates to a
detector through several different wall thickmess2s. In order to
keep the geometrical configurations simple, the problem assumed a
concrete wall, 10 feet high by 40 feet long, located adjacent to a

40x40 foot field of contamination. The detector was assumed to be
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at a height of 5 feet centered on the wall, and calculations were wmade
for detector distances of 0, 5, and 10 feat behind the wall, Typical x
results of the calculations are given in Fig. 2 for the ground contri-

T
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vution (CS) as a function of wall mass thickness X for a detector
position 5 feet behind the center of the wall. For comparison the
penetration from 1.Z5 MeV source photons is also indicated.

The most significant observation which may be made as a result

of this study is that the 1.12 hour fallout spectrum seems to be
justified as a basis for ghielding calculations. As pointed out

by Spencerié/ -- "It turng out that the penetration properties of
fallout gamma rays are less sensitive to spectral charges than might
be supposed, except for very large penetration . . . ." Although

the total contributions from the 21.1 and 45.3 day spectra are lower

RS A et T v O I R 5

than thet of the 1.12 hour fissicn product spectrum, the difference
is not large enough to warrant separate treatment of the fission ’

o TE P
v ——

spzctra for the various times after fission product formatiom.
Therefore, this study indicates that shielding calculations for
field decontamination operations are of sufficient accuracy when

based upon the 1.12 hour 235

U fission product spectrum. The chief
consideration for determining dose rates in an operc-ional
environment would be the activity of the source field at the time

of interest.
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3. Partial Decontamination Effectiveness Studies

It is probable that complete decontamination of s facility or
group of facilities might not be feasible because of limitations

R HE e A e ke S sk

in manpower eguipment and supplies. Therefore, investigations have
been conducted to determine the efficacy of partial decontamination

. operations. In these investigations, the principal objective was

‘ the cetermination of decontamination procedures that would give the

greatest probable return on effort expended. Since the man-hours

of effort involved in the particular operations are not explicitly

considered in this research, the conclusions drawn from these

studies are based upon the reduction in contridbution or the increase

in countermeasure factor achieved according to the decontamination -

fractiorn obtained over specified source areas,
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a. Relative Importance of Contaminated Strips

In the first of these studies, reported in Research
Memorandum RM-333-2, Relative Importance of Contaminated Sttipp.;z! !
a simple, single-storied, unpartitioned dbuilding wis ascumed with
dimensions of 150x200 feet with a building height of 30 feet
adjacent a 200-foot square field of fallout contamination. This

field was divided into eight 25-foot strips. Detectors were

assumed tc be lecated at the center of the building, &t the wail,
and halfway between these two peints (Fig. 3).

Two methods of decontamination were considered. In the first,
the contamination was assumed to be moved away frox the shielding
wall in & sequeantial strip-by-strip manner; that is, all of the
contamination in strip two was moved to strip three, etc. In the
second method, the contamination ir a particular strip, or group
of strips, was assumed to be removed completely out of harmful
range, The contributions from the various 25~-foot strips were
calculated for detectors located at 50~ and 100-foot distances from
one end of the shielding wall. JIn all cuses, the contributions
to the various detector locations indicated that a greater dose
rate would be received at a detector centered on the wall (100 feet
from one end) than would be received at the 50-foot location. The
fractional differenc2 is nearly constant in all cases, however, and
conclusions reached concerning the effectiveness of decontamination
of various str'ps are the same for either detoctor location. The
percentagz of total contribution from the various strips is indicated
in Table I for the detector centered ca the shiclding wall 2 feat
above the contaminated plane, and behind walls of thicknesses 0.5,
1.0, and 2.0 mean free paths of cobalt-60 radiatiocn.

The results of this study were also analyzed to determine
the amount of decontamination required to obtain the counter-
measure factor of 2 (i.e., the dose rate reduced to one-half
its original value). Table II indicates the distance from the
shislding wall that nmust be totally decontaminated to achieve
this objective,
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Table I ;
PERCENTAGE OF TOTAL CONTRIBUTION FROM VARILOUS STRIPS 4 ;
Stuip Number : i
1 2 3 4 5 6 7 8
T=0,5 mfp
XD=0, YD=.1
2D =0 61.2 16.3 8.3 5.1 3.4 2.4 1.8 1.4
ZD = 1,25 38,3 21.4 13.4 9.1 6.5 4.8 3.6 2.8
ZD = 2,5 32.4 20,7 14.3 10.3 7.7 5.9 4,7 3.7
T=1.00 mfp
XDeQ, YDe,]
Z2D = 0 56.7 17.5 9.3 5.9 4,0 2.9 2.1 1.6
ZD = 1,25 37.1 21.5 13.7 9.4 6.7 5.0 3.8 3.0
2D = 2.5 32,2 21,0 14,46  10.4 7.7 5.9 4,7 3.7
T=2,.00 nfp
XD=0, YD=,1 *
2D = 0 50.8 19,0 10.5 6.9 4,8 3.5 2.6 2,0
ZD = 1,25 34,7  21.6 14,1 9.8 7.1 5.3 4,1 3.2
ZD - 2.5 31,0 21,3 14.6 0.6 7.9 6.1 4,8 3.8
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Table II

AMOUNT OF CLEARING REQUIRED TO YIELD A COUNTERMEASURE FACTOR (CF) OF 2

Distance from Wall (ft)

Moving to next strip Removing entirely

T = 0.5 mfp

Zb = 0 ft 37 18
ZD = 37.5 it 80 37
ZD = 75 ft 105 43
T = 1,00 mfp

ZD =0 ft 40 19
ZD = 37.5 ft 90 40
Zb = 75 ft 110 47
T = 2.00 mfp

ZD = 0 ft 54 25
Zb = 37.5 ft 93 40
ZD = 75 ft 110 47

(ZD is distance between detector and wall-~The detector is centered

on and three feet above the base of the wall.)

11
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b. Effectiveness of Partial Decontamination

Another study which was conducted to determine the effective-
ness of partial decontamination of the potential source field has
been reported in Research Memorandum RM-333-5, Effectiveness of

13/

Partial Decontaminpation .~

This study investigated the relative

impcrtance of three parameters: (1) source field positiorn;
(2) barrier thickness; and (3) detector position. A large
rectangular source field was divided into square patches, and the
CONSTRIP Program was utilized to calculate the contribution from
each of these patches for several values of wall thickness and
detector location. The results indicate that, while an increase
in barrier thickness or detector distance from the wall naturally
causes a decrease in contribution, at the detector location the
difference is not neariy as great as tl.at achieved by decontami-
nation of a relatively smglli portion of the contaminated piane.

The geometry of the calculations is indicated in Fig. 4.
For all of the detector positious considered, 70 to 80 perceut
of the dose contribhution comes from 40 to 60 percent of the
nearest source patches. For a detector adjaceént to and centered
on the wall, approxiwately half of the total contribution from
the field comes from five of the nearest patches,

Ti:e contributions from these five patches. indicated in
Fig. 4 as A, B, C, D, and E, ere given in Table IXI for the
detector on the mid-wall positions at a height of one-third
the wall height. Again, the main concluiion to be reached from
this study is that for a limited plane of contamination a substan-
tial decrzase in dose rate can be achlieved by decontamination of
a relatively small portion of the plane.

c. Effectiveness of Roof Decontamination

The arrival of radioactive fallout at a building location
would result in the depositior of contamination on the roof of
the building as well as on the surrcunding ground. Therefore,

& study was conducted to investigate the effectiveness of roof
decontamination with respect to the overall contribution received
at a detector location inside the building. For thds study

12
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{ three different building types were considered: a sample
factory, a sample telephone company office building, and a
sample warehouse. Overall dimensions were assigned arbitrarily;
nowever, such factors as wall, floor, and roof thicknesses and
compositions were determined from Boeckh's Manual for buildings

! of these types.lﬁj The d.-tails of the study are contained in

the Research Memorandum RM-333-7, Effectiveness of Roof

15/

Decontamination.~~

i Three types of calcul~tions were used for the study:
CONSTRIP was used to calculate contributions from limited strips
of contamination; infinire field contributions were calculated
using the Engineering Manu:l Techniques;lé/ and roof contributions

17/

were caiculated by use of the PF-COMP Cumputer Program,~— a

Praasaite

: : program devised by RTI curiently being used in the National
i Fallout Shelter Survey.

The study was designed to investigate: (1) whether a signifi-~
cant countermeasure factor inside a dbuilding could be obtained by
hosing or sweeping the roof in such a manner as to allow the
contamination to fall to the ground surrounding the building, and
(2) the effect of incomplete decontamination of the building roof.
The geometry of the problem is shown in Fig. 5. The results are
summaxized in Table IV. 1In each case considered, the contribution
to a detector located at the center of tl.e building was decreased
i by roof decontamination. However, the countermeasure factors
‘ achieved with roof decontamination were small in cases of buildings
with thin walls. Also, the results indicate that the countermeasure
factor is highly dependent on the decontamination fraction achieved
; on the building roofs. %he only exception to this is a building
with thin walls and fairly thick roof. For buildings with this
type of construction, it may be possible to save effort in de-
contamination operations by ignoring the roof or by applying
minimal effort to its decontamin: :ion. Tn general, however, roof °

decontaminaticn must be censidered of paramount importance for

i duetector locations less tuan three stories belew the roof.

15




e ATl

O e TR RN 1 T T & i T

LTanwree ey TR TR

e

R T T e 4

o Ty

5

AR ANt g et i

e e

T N T T L e

pees

-
o Tohan

g oo el sty 13
e drp SRR EgEE 7 1

PRTEEN

v

N SR N RN ~ N Maant \
RN N N RN A - TN N . e Nt
WA W . A R R O Wt RONSERN T Ao NN
AT SATOOR AR AR T s e R R TR R
\\\'\‘\\‘n NN \\‘\\\\ \\\\“ SV VO, W Qe \\‘\\\Q\\\‘\\ N ey SR RN
3 3 R N X R N
W RN N A, o N
DN SRR O DIRNG RN
R
R
WA
N
a
L9
"W
A
Y
s
N
N
N
. .
a N
A . N
N
N .
N N
O
.

NFINITE FIELD OF
GROUND CONTAMINATION

Fig, 5, Building After Roof Decontamination,

16




T

ST

Dansancy v

L

T TR Y T ATy

Ry e e

L1 Suraser sy

T L gt~ IVV"TT'H
, .

Table IV
Effectiveness of Roof Decontamination¥*

Building Koof Mass Floor Above Wall

Length Width No. of Height Thickness Mass Thickness Weight Roof

Building  (ft) (ft) Stories (ft) (psf) (psf) (psf) DFFf CFA
Factory 300 200 1 30 29 None 18 0.0 1.16
0.05 1.15

0.1 1.14

0.5 1.05

36 0.0 1.69

0.05 1.63

0.1 1.57

0.5 1.2

72 0.0 2.36

0.05 2.19
0.1 2.05
0.5 1.34%

Telephone

Office 100 75 2 20 S4 50 108 0.0 1.39
0.05 1.36
0.1 1.34
0.5 1.15
(Detector on 2nd story) None 0.0 3.64
0.05 3.19
0.1 2.83
0.5 1.49
Warehouse 300 100 1 30 9 None 36 0.0 1.71
0.5 1.65
0.1 1.59
0.5 1,22

* An infinite plate of ground contamination is assumed to surround the

facilities; roof contaminant removed is assumed redistributed as shown

in Figure 5.

1t DF is the decontamination fraction; i.e., the fraction of fallout
contaminant reraining a2fter decontamination operations are complete.

4 CF is the counvermeasure factor; f.e., the ratic of the dose rate
received at a detector location before taking protective action to
that received zfter consummation of such action.

17
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4. Source Field Shape Effects

The Engineering Manual calculational techniques use a modified
barrier factor Bws to compute the dose rate from a finite field
received at a detector location due to radiation scattered in a
shielding barrier. This barrier factor is assumed to depend only on
the thickness (X) of the barxier and the solid angle fractiocn (w)
subtended by the source field at the mid-point of the shielding wall.
Investigations made with the CONSTRIP Program (details of which are
contained in Research Memorandum RM-333-4, Effect of Source Field
Elongatiou on Radiation Received at a Detggggg;gj) indicate that the
elongation of the source field is importaut in determining dose rates.
Field elongation, s is defined as the field d{imension perpendicular to
the barrier, divided by the dimension parallel to the barrier (Fig. 6).

In this study, 200 cases were examined involving eight wall

thicknesses ranging from O to 4 mean free paths of cobalt radiation
(1 mfp = 36 psf), 5 solid angle fractions ranging from C.0l to 0.3,
and 5 values of e ranging from 0.25 to 4&.0. Contributions to a
detector adjacent to a wall were calculated for all 200 cases and
values of the ground contributicn (Cg) as a function of e, were plotted
for constant values of barrier thickness and solid angle fraction.
In several cases, there was more than a ten fold increase in c8 as
eg was varied from 0.25 to 4.0. The results of this study are given
in Table V. Figure 7 shows curves typical of limited contaminated planes
of the total ground contribution receivad through barriers of various
thicknesses as a function of field elongation. For purposes of
comparison, the results utilizing engineering manual techniques are
shown as dashed lines. These results indicate the importance of field
elongation as a parameter to be considered in engireering calculatioms
of limited strip contamination problems.

In order to gain an idea o7 the magnitude of variation in Bws as a
function of s Bws values were obtained by substituting the CONSTRIP
calculated values of C8 due to wall scatterad radiation into the

appropriate engineering manual expression and solving for Bws' In gsome

18
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Table V

EFFECT OF SOURCE FIELD ELONGATION ON CONTRIBUTION*

Contribution
xe {mfp) ef w=0,01) (w=0,09%) (w=0,1) (w=0.2) {w=0,3)
0 0.25 19.6171(-4) $9.6682{-4) 20.9714(-3) 48,5146 (~3) 86,9305(-3)
0,5 19. 5641 (-4) 96,7784 (~4) 20.5270(~3) 47.0503(=3) 84.3705(-3}
1.0 13.6176(-4) 97.8999(-4) 20.9485(~3) 48,4433 (=3) 86,8007 (-3)
2.0 19,8012 (-4) 10.1748(-3) 22.2704(-3) 52.0150(~3) 92,1216(-3)
4.0 20,2070 (-4) 10.9124(-3) 24,2959(~3) 55.9505(-3) 97.1222(-3)
0.25 0.25 14.8790(-5) 25,7620(~4) 7..8975(~4) 24.3688(-3) 51,5199(-3)
0.5 27.0892(~5) 24,6989 (-4) 96,7587(-4) 27.2895(-3) 54.0715(-3)
1.0 44,0775(~5) 45,4338(-4) 11.8524(-3) 31.4284(-3) 59.5630(-3)
2.0 €5.8846(~5) 57.1999(-4) 14.3063(-3) 36.1368(-3) 66,4225(-3)
4,0 88,3725(-5) 69,9164 (-4) 15.8000(-3) 40.7979(-3) 74.4933(-3)
0.5 0.25 46,7676 (-6) 11,0171 (-4) 40.8000(-4) 1£,2227(-3) 34.9380(-3)
0.5 91,2083¢{~6) 16,6316 (-4) 57.9721(-4) 18.6453(-3) 39,2532(-3)
1.0 17.7684(-5) 26,9519(-4) 79.2736 (-4) 23.0688(~-3) 45,4117 (-3)
2.0 31.3863(-5) 38.0780(~4) 10.4157(-3) 27.7554(~3) 51,4993(-3)
4.0 50.3183(-5) 50,8093 (-4) 12,8729(-3) 31.6540(-3) 57.5875(~3)
0.75 0.25 24, 4805(~6) 55.5787(-5) 23.2588(~4) 10.1461(-3) 25.0740(-3)
0.5 44, 1876(~6) 98, 6600(-5) 37.0193(-4) 13.2598(~-3) 29.3634(-3)
i.0 87.0731(-8) 17,0539(~4) 55.5755(-4) 16.3262(-3) 35.0233(-3)
2.0 16.9880(-5) 26,6022(~4) 77.8098 (-4) 21.5261(-3) 40.4475(-3)
4.0 30.8034(-5) 37.9067(-4) 99, 6086 (-4) 24.9046 (-3) 46, 7962(~-3)
1.0 0.25 14.6723(-6) 39,8635(-5) 13.9003{-4) 68.7666(-4) 18.3011(-3)
0.5 25,0629(-6) 58,0974(-5) 24.0928(-4) 95.3265(-4) 22.2301(-3)
1.0 48,0986 (-6) 11.0210(~4) 39.4377(-4) 132.1772(-3) 27.5133(-3)
2.8 §7.68%3(-6) 18.8322(-4) 58.7792(-4) 16.0231(-3) 32.5397(-3)
4.0 19,4054(-5) 28.5938(-4) 78.5370(~4) 20.1033(-3) 36.0321(-3}
2.6 0.28% 35,9992(-7) $3,6384(~-6) 28.3793(-5) 17.4895(-4) 57.7304(-4)
0.5 58,0491(-2) 11,.7692(-5) 55.3805(~5) 28.4048 (-4) 77.3948 (-4)
1.% 10.0706(-6) 24,9365(~5) 11.2156(-4) 46.3767 (-4) 10.6451(-3)
2.0 19,7812(-6) 53,0554 (~5) 20.3054(-4) 67.0821(-4) 13, 4635(-3)
&.0 41.9164(~5) 98,3533/-5) 30,7038(~-4) 84,0980 (~4%) 15.4150(-3)
3.9 8,25 8:,7934(~8) 18, 1954 (-6) 72.3213(-6) 48.68825(-5) 18,.8353¢(-4)
2.5 15.0868(-7) 34, 1625(~5) 14,7603(-5) 84,6641 (-5) 27,1627 (-4)
1.0 25,9081 (-7) 66,1301 {-6) 33,3650(-5) 16.3559(-4) 40,8400 (~4%)
2.8 50.1450(2) 15,6723{~3} 70,4034 (- 5) 26.1439(-4) 54,8136 (-4)
4.0 10.38821(-6) 33,9760(-5) 11,8829(-4) 34.5732(-4) 64,7780(-%)
4.0 G.25 22.3804(-%) 42,.8932¢(-7) 26.2746(-¢) 14.7035(-5) 65.4395(-5)
0.5 35, 1654¢~3) 81, 2742¢-73 43.6473(~6) 28,7998 (-5} 10,0438 (~4)
3.0 65,5797(-8) 19, 4464¢-63 10.53%4(~5) 60. 5605(-5) 16.2536(-4)
2.8 13,.83514-7) 48,9857 (-6 25,6838(-5) 10.5393(-4) 22, 7919(-4)
4.6 31.54770-7) 12.35408-5) 47,8471 (~5) 14.4807¢{-~4) 27.4782(-4)

* (Number in parentheses indicstes axponent of i9)
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cases the values of Bws were changed by a factor of ten throughout the .
range of the field elongations. A sample of these results is given in
Fig. 8.
The main conclusion to be reached from this study is that some type
of revision should be made to the engineering manual charts to irclude

the source field elongation parameter.
3 5. Other Comparisons witl Engineering Calculations
In Research Memorandum ’M-333-2, Relative Importance of Contaminated

Sggiggjgzj the dose rates to a detector from various 25-foot strips of
contamination were calculated by the CONSTRIP Program. These calculatjions
were performed for three different wall thicknesses and gix different
detector locations (see Fig. 3). For purposes of comparison, these same
calculetions were made using Engineering Manual techniques. Input
parameters for the calculations were as follows:
: a) Source energy: 1.25 MeV
) b) Wall thickness: 18, 36, 72 psf (0.5, 1.0, 2.0 mfp of
' cobalt-60 photons)
c) Wall height: 30 feet
d) Source field: 200x200 feet, divided into eight 25-foot strips
(for CONSTRIP);
L+2 Wc, wc = 200 feet (for Engineering Manual)
: e) Wall length: 200 feet
A £)  Detector height: 3 feet
) Since Engineering Manualléj methods are based on a detector located
in the center of the building, the building width was varied so as to let
the detector be located at 0, 37.5 and 75 feet back from the wall (but
centered on the wall length in all cases). The wall-scatter barrier
factor, Bws’ was obtained by calculating ER from mid-wall height, and
contributions from individual strips were obtained by the process of

B s o oRa R AT ey

differencing.
The results of both the Engineering Manual and CONSTRIP calculations

T T

! are shown in Table VI for wall-to-deiector distances of 75, 37.5 and 0 feet,
respectively., This table gives the contribution from each of the 25-foot
wide strips shown in Fig. 3 according to both calculational techniques

A S A X e oy e e ey
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for each of the three detector locations. In most cases, the Engineering
Manual values were higher. Percent differences ranged from 1.7 to 196
percent. There seems to be no definite pattem of percent differences;
however, the closest agreements for the total field cases are obtained
when the detector is adjacent to the wall.

In practically all cases, the Engineering Manual contribution from
Strip 5 is greater than that from Strip 4. This unexplained rise may be
due to the difficulry in reading Bws values for large values of .

To calculate finite field contributions by Engineering Manual
techniques, the length of the field is taken to be L + 2Wc {(length -
the wall plus twice the width of the field). Since this sort of
geometry always gives a value of source field elongation (ef) of less
than 1 (Fig. 6), it is not surprising that the Engineerimng Manual
calculated values in this study were generally higher than the CONSTRIP
calculated values. (It was shown in RM—333—4l§/ that CONSTRIP contribu-
tions were always lower than Engineering Manual contributions for low
values of ey —- cf Fig. 7.)

6. Comparisons with Experimental Data

Research Memorandum RM-333-3, Dose Rste from a Quarter—Circular

Figli;lg/ contains the details of a study which was performed primarily
for the verification of the CONSTRIP Program. Previous editions of the
program had been limited to rectangular source fields, and the dose rate
from a circular field had been calculated by the use of a "quarter-circle
approximation," in which the area of the field is approximated by using

a number of square patches. However, with the development of CONSTRIP V
came the capability of calculating dose rates from irregular source
fields to any specified degree of accuracy. This study was a comparison
of the results calculated by the program to those obtained experimentally
at the Pyrotective Structures Development Center (PSDC).gQ/

The experiment involved a quarter-circular source field of 452-foot
radius which was subdjvided iato five areas (see Fig. 9). Detector
heights varied from 1 ¢o 33 feet. The theoretical (CONSTRIP) and
experimental (PSDC) results are compared in Figs. 10-A through 10-E for
each of the experimental areas. Figure 10-F gives a comparison of

nieasured versus calculated Jdose rates for the entire quadrant.
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Results obtained by CONSTRIP for complete field calculations agreed
quite well with experimental values for detector heightes of 6 to 33 feet.
Calculated results were higher at the one- and three-foot heights, largely
becaur - f ground interface effects.

Overall conclusions reached from this study were: (1) that the
CONSTRIP Program has the capability of calculating dose rates to a
detector with a high degree of accuracy; and (2) that the results obtained
justify the use of the present buildup factor (at moderate detector
heights) for future studies.

Another comparison made with experimental data obtained at PSDC
involved a 24'x36'x36' high three-story building partiaily surrounded
by a uniform 50-foot wide strip of cobalt-60 contamination (simulated
by the pumping of a small source through plastic tubing). A plan view
of the configuration is shown in Fig. 11. The building, which is
described in PSDC-TR-14,29/ can be arranged to have walls of 4, 8, or
12 inches of concrete supported by steel I-beams spaced approximately
4 feet apart a.ong the periphery of the building. A detailed
description of the CONSTRIP input data, as well as a discussion of
results, is containcd in the CONSTRIP Programg/ verification section of
Part 1 of this final report. In general, CONSTRIP calculations agreed
well with the experimental results, and the program can be used to
arcurately predict radiation penetration of actual structures to
detector locations, 6 to 33 feet above ground level, and with somewhat
lower accuracy outside this range. It shouid be noted, however, that
this accuracy limitation is dectermined only by the reliability of the
build-up factor input to the program, and may be expected to change as
the accuracy and range of application of that build-up factor changes.

7. Recommendations for Decontamination Procedures

All of the studies performed under this project indicate that the
greatest effectiveness in terms of increasing the countermeasure factor
can be obtained by decontaminating first the roof of the strucxure if
the detector location is within three stories of the roof, and, sec adly,
the space exterior to the structure's wall clearing uniform widths parallel
to the walls of the structure. Thes: ~~pclusions are independent of roof
and wall weight within the waights noi. .lly encountered in operational
situations. Of course for exceptionally heavy roof and/or wall weights,

these conclusions must be accordingly modified.
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Plan View of the PSDC Facility.
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In case of limited planes of contamination (on the order of 200 feet
width) removing fallout entirely for a distance of 50 feet surrounding
a structure will yield a countermeasure factor of at least 2 at the center
of the building providing the roof contribution has been first eliminated.

Tt should te noted that the maximum countermeasure factor which can
be logically anticipated as a result of any limited decontamination effort
is approximately 10. This is due to the contribution from sky shine in a
structure which arises from sources fairly distant from the structure in
question (sky shine is ordinarily of the order of 10 percent of the total
contribution).

For a detector located adjacent a building wall, decontamination of
the area outside that wall to a width of 25 feet will yield a counter-
measure factor of approximately 2, providing the major contribution to the
detector location is through the wall in question.

Using these rules of thumb as initial checks on decontamination
procedures, it should be possible to ascertain whether in fact the
correct decontamination procedure is being followed for any particular
facility. By the time a particular side has been decontaminated to a
distance of 25 feet, if a countermeasure factor of at least 2 has not
been accomplished at a position adjacent the inside of the wall, the
indications are that the major contribution is not being received through
this wall. In such case alternate decontamination procedures must be
considered, such as, the elimination of fallout exterior to other walls
or from the roof of the building in quest.on. Further definition of such
activities must await future development; however, the potential for
guideline development is shown by the above.

Field Application of Decontamination Analysis

1. Detroit Survey

As part uf this overall effort as is called for in the Scope of Work,

Appendix A, a brief survey of essential facilities was conducted in the
Detroit area to determine building and source plane characteristics to be
included in decontamination analyses. The facilities to be included in
this survey were to be 21 in number aund were to be identified in con-
sulration with the contract technical monitor. From the results of

this survey, common and special characteristics of buildings were to

be identified {or utilization in decontamination guideline dcvelopment.
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Analyses were to be performed utilizing CONSTRIP and other computer codes
as required to determine effectiveness of decontamination of the facilities
described according to common and special building and source plane
charactexristics. As a result of these activities, simple rules were to

be drafted for later incorporation into guideline development for decon-
tamination field operations.

The categories of buildings to be decontaminated within the post~
attack recovery time period were separated into three orders of importance,
and a tentative selection was made of facilities within each category to
be covered in the survey. Since on-gite permission for the survey was
necessary, and since it was recognized that other conditions might
render impractical the survey of a previously identified facility,
the preliminary identification of survey facilities was tentative in
nature. To the extent feasible, however, their selection was adhered
to. The alternate choices that were made on~site were selected to
reflect the characteristics of those originally identified. The facilities
finally included in the Detroit Survey were 22 in number and are listed
in Table VII.

Descriptions of the Detroit Survey facilities are given in Appendix B.
While not all facilities are those given consideration prior to the survey,
the facilities actually included are thought to reoresent those which
would be of primary consideration in post nuclear attack decontamination
operations. One use category that is not adequately represented in the
survey is that of heavy industry as was initially intended by the selection
of the Great Lakes Steel Corporation in Ecorse. However, facilities of
this type have structural properties which are similar to those found in
power plants and manufacturing facilities, such as are represented by
the Fermi uind Mistersky Power Stations, and by the Detroit Bolt and Nut
Company. Therefore, the survey is thought to give a brief but reasonably
comprehensive coverage to facilities of interest in this categoryv.

2. Common and Special Characteristics of Buildings and Source Planes

Within the 22 buildings included in the Detroit Survey, a number of
common source plane characteristics can be asscciated with buildings

according tc building type and use. As can be seen from a perusal of the
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Table VII
FACILITIES IN THE DETROIT SURVEY*

A. First Priority
1. Medical
3 a. St. John's Hospital
b. The U.S. Public Health Service Hospital at Wind Mill Point

c. Providence Hospital

2. Power and Communication

a. Mistersky Power Station, Detroit (instead of the Detroit Edison
Plant at Lycaste)
: b. Fermi Reactor Power Plant at Monroe, Michigan
c. WXYZ Radio and TV Station (instead of the WWJ Radio Station at
9 Mile and N. Scotia)
d. Michigan Bell Exchange, Van Dyke and Whipple
e. Michigan Bell Exchange, 17151 Lahser Road
3. HWater and Sewape Treatment

a. Waste-Water Treatment Plant at Ann Arbor, Michigan
b. City of Detroit Water Works
4. Fire and Police Facilities

a. State Police Headquarters at Grand River and 7 Mile Road
b. The Roseville Fire Department Headquarters
% C. The Roseville Police Headquarters (instead of a second fire station)

5. Emergency Medical and Housing

a. Lingeman School in Detroit
b. Hale School in Riverview
B. Second Priority
1. Government Buildings

a. Municipal Building in Roseville, Michigan
b. Roseville DPW and Water Building in Roseviile, Michigan (an

additional facility - not included by type in the original selection)
2. Food Distribution

a. Kroger Food Store, Northland Shopping Center
3. Transportation Facilities

a. Detroit Metropolitan Wayne County Airport
C. Third Priority
1. Detroit Bolt and Nut Company (instead of the Great Lakes Steel
, Corporation in Ecorse)

2. Detroit Artillery Armory
3. Detroit Bank and Trust Company, Northland Shopping Center

* Parenthetical notes indicate on-site changes in t'ie choice of surveyed facilities.
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building and source descriptions included in Appendix B, the majority of
the buildings have wide open areas surrounding them, almost independent of
use and coastruction type. What buildings are in the surrounding areas
are of light construction and afford little or no mutual shielding to the
facility under consideration. Also, most of the areas surrounding the
buildings are horizontal planes.

The most common exceptions to this occur when a single facility
consists of two or more buildings. In these cases, different buildings
of the same facility often form mutual shields. Such cases occur in each
of the medical facilities, and in the sewage and water treatment facilities
studied in the survey. Wayne Major Airport, which was selected as a
transportation facility, also has different structures which serw as
mutual shields, but the effects of these shields are diminished by their
relative orientations. The Northland Shopping Center, which included two
of the facilities studied, alsc had extensive mutual shielding; however,
in this case, the two facilities were actually sub-components of a large
complex and the rule of multiple structures in the same facility applies.
In general, one can say that when a particular facility consists of a
single structure, the surrounding area generally consists of either light
structures which are not effective as shields, or of open planes susceptible
to readr decontamination practices. For facilities of many structures,
mutual shielding often is present.

Regarding the common structural characteristics of the facilities,
it vas noted that medical facilities are principally composed of buildings
four or more stories high and consist of two or more independent buildings
within the same facility. With few exceptions, other facility types have
principal components which are three or less stories high though the
structures may be quite tail (story height >> 10 feet).

Public service buildings and commercial buildings are usually
surrounded by large open areas, either grassed or paved for parking.
Other facilities serving the public indirectly, such as telephone exchanges
and power piants, are located on streets of considerable width, or have
nearby buildings of light construction,

The special characteristics chat were encountered in the facilities
studied generally consisted of provision for entrance into the structuce,

such as loading docks, garage doors, raups, or partially covered entrance
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ways. A review of the individual facility descriptions (Appendix B) shows
that these special properties are generally encountered where industrial
or commercial goods have to be moved in volume, or where special personnel

handling conditions are present (such as emergency entrances in hospitals).

Also, shopping complexes, such as the Northland Shopping Center, often have
partially covered walk and entrance ways connecting stores and areas of the
compound. Decontamination of these units will take special consideration
since ordinary sweeping or firehosing of the roof may greatly increase

the contaminant deposition under the entrance covering. Other special
characteristics are notable in the wall weights of the buildings. Municipal
and government structures have walls of medium to heavy weight, whereas
commercial and industrial facilities often have walls of very light weight.
Medical facilities are generally constructed with medium to heavy walls

but have an abundance of window area which decreases the average wall
weight cconsiderably. Public service buildings such as communications

and power generation facilities also have medium to heavy walls. An
exception to this is noted in the case of the Fermi Power Plant which

has corrugated asbestos walls over uuch of the structure.

f 3. Decontamination Analyses

The facilities described above and in Appendix B have been subjected
to analyses for the contribution received at centrally located detector
locations as a function of extent of contamination present. The gnalysis
of these contaminated areas proceeded as follows: The buildings were
2 subjected to evaluation using the PF-COMP Computer Program.izj This
computer program utilizes Engineering Manual techniqueslé! to deterwine
the protection factor at a number of detector locations within a structure
as a func:ion of contaminated planes exterior to the structure. The
results o the PF-COMP analysis were utilized to ascertain the relative
importance of contaminated fields on various sides of the structure.
Following this, CONSTRIP was utilized to analyze the patterus of importance
of the contamination in strips parallel to the walls of the facilities in
the survey. The analysis method is based upon evaluating contributions
from strips of the external source parallel to the side of thc structure

under investigation. In these evaluations, which are described in detail
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in Appendix C, Decontamination Analyses of Detroit Facilities, the relative

contribution from each strip was determined for each of the important walls
as indicated by the PF-COMP calculations. Analyses of the facilities
included in the Detroit Survey indicated two things.

First of ail, the most important general consideration for decontami-
nation is failout on the roof of the structure involved. The buildinge
included in the survey are predominantly of few stories in height and of
large floor area. For this type of structure the predcminant contribution
to a detector location in the center of che building is that which comes
from the roof source.

The second characteristic noted in analysis of the survey results is
that decontaminacion of exterior planes is very useful in the case of
limited strins of fallout contamination; however, the case is not so clear
for infinite planres of fallout contamination., 1In fact, no general rule
has yet been ascertained for effectiveness of limited strip decontamination
in the case of large fallout fields. This will be a prime area for future
investigations if guidelines are tc be determined for decontamination of
structures with large coper areas surrounding theam.

However, for facilities with limited scurce fields {fields which are
200 feer or less in width, measured perpendicular to the walls of the
structure), decontamination of a strip along the building wall which is the
length of the wall and 40 percent of the distance to cthe width of the
contaminated fieid (perpendicular to the wall) will yield a countemeasure
factor of ar least two in most cases. Decontamination of the adjacent
20 percent of the width of 3 limited field of contamination will produce
a countermeasure factor at the center of most structures of 1.4. Details
of these considerations are given in Appendix C.

C. Rules for Decontamination Opexatioas

Based upon the conclusions of the analyses described above, the only
general rules which are evident are: (a) clean off the rcof of the structure ir
question, unless the area to be occupied is three or more stories below tke rooZ,
or unless the roof is of extremely heavy construction; (b) decontaminate limited
planes of fallout to take maximum advantage of other obstructions to fallout
radiation; and, last of all, (c) attempt to clean up infinite planes of contami-

nation to achieve the required countermeasure factor.

38




In the case of structures with predominantly infinite fields of contamination,
a possible alternative to large area decontamination may be worth considertaion.
Such an alternative might be the erection of earthen barricades at some digtance
from the facility with decontamination of the inte-vening area. Such barricades
would be piaced at a sufficient distance and would ke of sufficient height to
shield the detector location from virtually all of the wall adjacent coxridor*
beyond tha barricade.

III. RECOMMENDATIONS FOR FUTURE RESEARCH

It is obvious from the conclusions of the analytical studies and the
Detroit Survey conducted in this effort that the greatest benefit in
decontamination operations is obtained by removing fallout deposition from
limjted areas, or planes of contamination. However, further research is
necessary to Jetermine the extent of decontamination effort that should be
placed upon the removal of fallout from large areas of deposition. As may
be seen in Appendix C, the results of analyses of fields of this category are
inconclusive. In order tc separate the wide variation in effectiveness of such
decontamination efforts, the results noted in Appendix C must be subjected to
further analysis. It is suggested that further analyses be run to determine
the common and special characteristics of structures and/or source fields that
are predominantly resporsible for the predicted dose rates in essential facilities
bordered by large planes of contamination.

It is also recommended that further analyses of structures be performed to
broaden tiie experience gained in the Detroit Survey. ZFrom these analyses a
general description of operational procedure should be forthcoming which will
be ameuable to codification into guidelines for decontamination operational

personrel,

®
The wall adjacent corridor is . portion of a field btounded by the

shielding wall and lines perpendicular to and at either end of the wall
(cf. Fig. 3, page 9, strips one through eight form a wall adjacent corridor).
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Appendix A

Scope of Work

The Scope of Work of Contract Number N0022867C2297, OCD Work Unit 3233B,

is directed toward meeting the objectives of the research study which are:

(1) to increase the flexibility and utility of the CONSTRIP Program, and

(2) apply this program to the determination of decontamination effectiveness

JAPEEY W W Ay

of urban areas. Specifically, the contract work effort included work to:
1) iInclude in the CCJSTRIP Program a capability of calculating barrier
shielding for walls with lower edges other than the level of the

iR~

source plane.

2) Incorporate a routine in the CONSTRIP Program which will interpclate
Monte Carlo data for wall thicknesges other than those for which
specific calculations have been run, enabling the program to calculate
dose angular distributions received by a point detector for arbitrary
wall thicknesses.

; 3) Develop the technique of calculating dose rates at a point detector

’ from source shapes characteristic of urban areas. (This will incorporate

effects of shielding buildings on radiation incident oa a wall.)

4) Compare the results of the current engineering calculations of the

B e 3 P X RS e

protection afforded by wall barriers against ground fallout contamina-
tion with those obtained with the CONSTRIP Progranm.

L ST

5) Based on 4), make recommendations for decontamination field operations.

™Y

6) 1f required, calculate the protection afforded by damaged buildings as
provided for in the five cities study.

7)  Conduct a brief suxvey of essential facilities in the Detroit area to
determine building and source plane characteristics to be included in
decontamination analyses. The facilities to be included in the survey
were limited to 21 in number, and were to be jdentified in consultation

g with the contract tezchnical monitor.

8) From the results of the survey to find ccamon and special characteristics
of buildings to be utilized in decontamination guideline development.

L - 9) Perfom analyses using CONSTKIP or other computer codes ac required to
determine effectiveness of decontamination of facilities described
according to common and special building and source plane characterjstics.,

10) Draft simple rules to be later incorporated into guidelines for

decontamination field operations.
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Detroit Survey Facilities
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Apperdix B
Detroit Survey Facilitiec

The facilities studied in the Detroit Sux.:y were those typifying
stru.-ures of greatest possible intexest in decontamination field operations.
The facilir . . . .e not intended to be those prime-ily functioning as fallout
shelters, but are intended as examples of structures for which occupancy is
necessary in order to insure minimum acceptab’e operational status of the
community in a postattack environment. These structures, which have been
broken down in the categories described in the text of this ceport, are
described herein in some detail as to the individual characteristics of the
facilities studied. For purposes of broad classifications, wall weights are
classed as:

1) Very light - G to 19.9 psf

2) Light ~ 20 to 39.9 psf

3) Medium - 40 to 79.9 psf

4) Medium Heavy - 80 to 119.9 psf

5) Heavy - 120 to 159.9 psf

6) Very heavy - 160 psf or more
Roof and floor weights are classed according to:
1) Light - 0 to 9.9 psf

2) Medium - 10 to 29.9 psf

3) Heavy - 30 to 49.9 psf

4) Very heavy - 50 psf ox more

A brief description of the individual facilities follows; where possible

plot plans are included to clarify the descriptions as are selected photographs

of the principal structures.

1. St. John Hospital - Detroit, Michigan.
The St. John Hospital is composed of a main structure, and three

peripheral structures, The main structure consists of an eight story
building with maximum dimensions approximately 200x3z) feet, plus a
wing off one side, approximately 140x50 feet (tke dimensions of the
main structure are maximum wight angle dimensions in any part of the
structure -- as seen in Fig, B~la), the building actually consists of
a series of long wings extending to the front and rear off a principal
section. The walls of the main structur: are very heavy and contain

windows and other apertures as shown in Figs, B-1b and B-lc,
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Fig, B-1b, St, John Bospital (Front View)
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Fig. B-lc, St, Joha Hospital (Rear View).
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é The floors and roof of the structure are also very heavy. Some 60 feet

3 in back of the main hospital building are three auxiliary buildings

E 120 and 230 feet in height. These buildings are shown in the rear view

? of the hospital (Fig. B-lc) and are of sufficiently heavy construction :
g to act as mutual shielde ro the main hospital structure.

. 2. lpised States Public Bealth Service Hospital at Wind Mill Poimt,

3 Detroit, Michigan.

The main structure of this facility is unique in shape. it
consists of a central connecting section witn five wings as shown in
the plot plan of the facflity (Fig, B~2a). In addition to the principal
structure, there are three nearby service buildings and a garage, and
farther away, residences for some of the hospital staff. With the
exception of the front of the building (Fig. B=2h) and the northeast
wing, the main structure is four stories in height. The exceptions are
three stories in height. The garages shown in the plot plan are approxi-
i mately 15 feet in height. The other surrounding structures are 30 to 45

BRI AT o DA R N

feet high, All are of sufficiently heavy construction to act as mutual
shields to the main hospital building. Other than the concrete ramp,
shown left of center in Fig. B-2c¢, there are no special building
characteristics encountered in the facility. The surrounding area is
as shown in the plot plan and the windows and other apertures for the

.y
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entire structure are typical of those showa in the photographs. The
walls are of medium weight construction. The roof is medium weight
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and the floors are of heavy construction.

3.  Provideuce Hogpital

Providence Hospital is a rather complicated structure as shown

EIEYrwy

by the front and side view photographs of the facility (Figs. B-3a and

: B~3b), The front and principal portion of the hospital is geven stories

[ : high, while the rear portion consists of three~ and four-story sections.

As showm in the side view, this facility has a loading dock which is

a used for bringing supplies into the facility. The emergency entrance,

not shown in the photographs, is at ground level at the rear of the

E structure and is a covered deck similar teo tne one shown in the side

- view. Either of these docks could be used in a postattack situation

;7 as an emergency entrance. The gtructure has medium weight walls, :
: light roof, and very heavy floors. The surrounding areas are typical
of those shown in the photographs of the facility, consisting primariiy
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of paved parking lots and some grassed lawns. Mutual shielding is
' afforded different parts of the building by other parts of the structure,
and alsc to some small extent by one building located approximately
100 feet and a second building approximately 200 feet to the rear !

of the main structure. i

N e e o e

4, The Mistersky Power Station

This facility consists of a large structure of very heavy walls %
and medium weight floors and roof, and several smaller peripheral ‘
- buildings as shown in the plot plan of the facility (Fig. Be4a). The
< g area surrounding the structures is flat gravel and cinder with the
exception of the fuel storage pile behind the facility. The photographs, ,
Figs, B-4b and B-4c, give views of the northeast side of the facility ;
including the machine shop and office building which acts as a mutual
shield to the main structure. Also shown is the southwest view of the :
rear of the structure (Fig. B-4d) showing the coal conveyor system and

3 fuel storage area.

5. Fermi Reactor Power Plant at Monroe, Michigan

As shown in the aerial photograph of the facility (Fig. B~5), this
7 power plant consists of a nest of individual structures. The part of the
' facility that would have to be operational in a postattack situation is
the tall portion of the largest building shown in the photograph. This

portion of the structure contains the contrel room and turbines for

power production. The walls of the structure are extremely light being
composed of Transite, a corrugated asbestos material approximately
three-eights ¢Z an inch thick. The built-up roof is also of light weight.
The other par.ez of the facility form mutual shields for this critical
area; howwever, riheir corstruction, with the exception of the reactor shell
. and the shielding wall adjacent to the reactor shell, is also of very

‘ lighr: weight, Charac_:vistics of the area surrounding the facility

may be seen froa *:.: shitograph, This area consists mainly of flat gravel
aid water. Tle faciliiy is located on a point which extends into the
vetrait River, .ud practicailv all of the land area of the facility is
shown in the photograph. WWatur iicy to the front of the view shown, :
2 ¢l to the left and vigh:.
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6. WXYZ Radio and TV Station

This facility consists of a single structure, approximately
150x222 feet in dimension., The front portion of the structure, as

shown in Fig, B-6a, is a one story building; the rear portion is two
stories, The main operational center is in the rear portion, the
front area being primarily office space and reception area, The
structure has a medium weight roof, heavy floors, and medium heavy
exterior walls,

The erea surrounding this radio and IV station is composed pri-
marily of a horizontal, grassy surface, At the right rear of the
structure, as shown in the second photograph (Fig. B-6b), is a covered
parking area and a parking lot which extends along the entire side
of the two-~story portion of the building and runs perpendicular to
the building approximately 420 feet, Other than this parking area,
there are no unusual construction characteristics about the facility.,

7. Michigan Bell Telephone Company, Whittier Automatic Exchange
on Van Dvke

This is a three story structure with very heavy walls, ronf, and
floors, It is surrounded on three sides by paved streets, and on the
fourth by an alleyway, as shown in the illustrations (Figs. B-7a--B~7c).
Opposite the facility on Ferry Avenue is a three-story school building

which acts as a mutual shield to the facility, Other structures near

the facility are of light construction and afford no appreciable shield-
ing.
8. Michigan Bell Telephone, Redford Exchange (on Lahser})

This facility is a three-story building of medium heavy walls and
heavy roof and floors, As shown in the illustrations (Figs., B-8a--B-8c),
it is surrounded on three sides by paved streets and/or parking areas and
on the fourth side by a lot containing small structures, which partially
shield the facility, Other structures are situated on opposite sides
of the streets., At the front of the facility, across Lahser Road, these
structures are of light construction and are approximately 200 feet
avay, affording little mutual shielding. The structures opposite the
facility on Argus Avenue are approximately 40 feet away, are approximately
20 feet in height, and are of sufficiently heavy construction to provide
mutual shielding, At the rear of the structure, the horizontal paved
surface extends acrocs a parking lot and Roxdale Avenue and constitutes a

B-14




tion (Front View),

WXYZ Radio and TV Sta

Fig. B-6a.

a4

v

7N

LSRN

IR

ation (Right Rear View).

WXYZ Radio and TV St

6b.

Fig. B-

N

[T

-15




ST —

o

* 0
1334 40 3WOC

x =

LN 2 S NS X

Fétgd M .9/

. aetirennneee AW IIAA NVA

[ ]
]
d
s 4 L) ‘NIONS Sk REON 3 N
wor™ .n.-h»‘.-m m ﬂuns%&hﬂwnﬂn«mxuuukh&au w: HWWNZINM AVE “
V.4 Y v
9 X L] - . “R
28 2ok e Sn 4 W Pﬂ @
IM.Q.“. - M‘ i
| M ¥ |
g6 | S e
. . .mm "TRTUvATR D .
-
B o WINIX] JuawoLny, b WIAINM B R N .
- "oy § V0asra)ne naisaba 10k 97 38 . £
' 00, NW7TIL 1778 N¥IINII a9
. NN 17 ol g
R 20 P . - Q8
— wll.
- 1 ._m\ -“
\ a o
R o @ v
N -
' i 0} m VY\ mm m hrd
L, —. > ~~ -t o cﬂ
3 32 4
w 3 -
v ﬂ L)
5 CH
3  — £
w 5 g5
.
| <
| 1
ﬁ o
L)
| -
: * Sa (
- 1
2 ! < |
: _ |
* Ij..; I—
v,
. —d
4 ~
< L % | I
- ) lﬁ‘
i
7
"
w > h 1
s o ol ; e o Y L e S e SRS S TR e VJ; o i

’



= - PN at g - B AT

LR

ATy

(RIS

Dt Lt

RN

Fig. B-7b. Michigan Bell Telephone Company
(Whittier Automatic Exchange -~ Front View),

AG

CeRTIRS E

< A Yin by
= . . - NI
Y=y
an'{

& ,,'f@’“‘ - P T
3 G s B et 4t AT

ey

. Fig. B-7c. Michigan Bell Telephone Company
(Whittier Automatic Exchange - Rear View),

(YR

)

b-17

'y LN

W

Raapee

. - ——— - .. e n e e e e e — o —m —— = ]
5.




po—— T
— o ————— oS
e nallistthoty o oo bbb S rraese

o e e b s e w2

¢ - .
\“{‘"‘g V22727
* Ler O '
— == [ WA

LIty

)
1037,
4

o

, _ g 4
. )

- BZE ARGUS AV -nffffimened

:§\ E 200! *%

W 1 .

E;Q

>z

AV.

ey

%= ROCKDALE

|
|

smmus”™ .sz...."’-
e Sawey

22050 27098 29057

g TR ER
.

N
§
S ..';&‘.!.'!5/:4‘-_
e

‘!L - ./‘. Pr

SCALE OF FEE!

; S 0 50 ?

T R T OE S Fre
L x e e N

Fig. B-8a. Michigan Bell Telephone - Redford Exchange (Plot Plen),

LS A OV S S SR ITRIEaA R = 35
»

B-18 ‘

rRua

s

i

EANPI

T ST Atd e an

T
%
{
H
4




T s i T T T—TT

i e

IR T

LR

v

TR T AR

TR

AT

Fig. B-8b. Michigan Bell Telephone - Redford Exchange,

A

BRI e

S o

Gl el

LR e e a1 9

TR LR

RV

AL

S

TR ey
-

T

T TRy o

T

| I B LA

e e e e .. . m - - D m ek od ek e meas e e o - -

™




RSN

- Iy At e ¥ Vg RABESS S, o CA M Yy 7). .

ATty

Fig. B-9a. Waste-Water Treatment Plant (North View),

IR AN A R UL e K i e
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horizontal plane of approximately 200 feet in extent before encountering
structures, albeit of insufficient mass and size to provide significant
mutual shielding, One exception to this is a small block structure approxi-
mately 15 feet in height, which is approximately 60 feet from the rear of
the facility in question,

9, Waste-Water Treatment Plant, Ann Arbor, Michigan

The Waste-Water Ireatment Plant of Ann Arbor is a facility composed of
several structures as may be seen in the photographs of the facility, Fig.
B-9a is a north view of the facility and shows components of the facility
which were chosen as important for consideration in decontamination analyses,
In the center of the photograph is a large structure behind which are a num-
ber of smaller buildingas. The large structure in the left center is the
machinery building for the facility, The two structures just beyond the
machinery building are control buildings. At the far right, partially
obscured by a low tree, is the office and general laboratory building for
the facility., A second view of the machinery building and the two control
buildings is shown in Fig., B~9b (the structures at the far rear are blower
and final chlorination buildings and are not essential for operation), The
structures chosen for analysis in this study were the machinery building,
the second control building behind the machinery building, and the office and
laboratory building., Fig., B-9c shows the sludge tanks and sidewalk adjacent
and control building, Fig B-9d is a picture of the office and general labora-
tory building,

The office and general laboratory building is a iwo-story structure,
56x31 feet in dimension, It has a very heavy roof and second-story fle.:,
and medium heavy exterjor walls, The control building chosen for analysis
is 18x42 feet in dimension, one story in height, with a very heavy roof, and
medium heavy exterior walls., The machinery building is a combination one-
and two-story structure, The two~story part was analyzed, and this part
measures 37x53 feet, It is constructed with medium heavy walls, and very
heavy roof and second-story floor, The area surrcurding all of these build-
ings is either paved driveway, open pits (e.g., sludge tanks), or grassy
iawns, The buildings are close enough together to form mutual shiclds in
many cases, but the separate components of the facility are individually
quite small witl the exception of the machinery building and its immediately
adjacent structures, and the mutual shielding provided is therefore limited,
Spacing between the buildings ranges between 150 and 200 feet, but is not
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important vince the Intervening area is primarily composed of aeration or sludge
tanks which do not permit collection of fallout on their surfaces,
10, City of Detroit Water Works

The City of Detroit Watexr Works consists of a series of structures of
medium heavy to very heavy construction, The individual structures considered
to be critical to the operation of the water works are the high 1ift, the low
lift, the general laboratory building, and the chlorination building, These
structures are individually considered in the following discussion, Surround-
ing all of the structures is an open grassy area, Some of thes structures are
mutually shielded as shown by their orientation in the plot plan of the facility
(Fig. B-l0a). However, since most of the construction is extremely heavy
masonry, mutual shielding has little effect in most cases on the dose rate
received inside the structures,

The high lift building is shown in front and side view in the Figs, B-10b
and B-10c¢, This facility is of such extremely massive construction that decon-
tamination is not required for safe operation of its contafred machinery. 1In
some places, the walls are approximately 10 feet thick concrete, brick, and
stone; and over the entire structure are a minimum of two feut thick with the
exception of the doors and windows, In addition to this, ali c¢f the operating
machinery is located belcw grade; thus except for the small amount of radiation
which might be received through the heavy roof of the structure, little decon-
tamination would be rejuired for the protection of personnel working within the
building,

The low lift building is shown in the next set of photographs (Figs, B-10d
and B-10c}. The exterior shot illustrates the mutual shielding that is afforded
the low lift building, the structure on the left, by the filter building. The
interior photograph shows the machinery within the low 1lift building, which is
similar in layout and organization to that in the high 1lift, This structure
has a medium weight roof and very heavy wall construction, and is afforded
mutual shielding on the north end by a small structure and on the east by the
filter building,

The third structure in the Detroit Water Works included in this study is
the laboratory building which is on the north side of the filter building
(Fig. B~10f), This is a four story building that has a heavy roof and floor
construction and very heavy exterior walls, The structure is mutually shielded
by the adjacent filter building; however, the upper stories of the laboratory
building are exposed to fallout deposited on the roof of the filter buliding,

Except for this, the construction is similar in nature to that of the previcusly
described structures in the facility,
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High Lift Building (Front View).

City of Detroit Water Works
High Lift Building (Side View).
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Fig. B~10e.

City of Detroit Water Works
Low Lift Building (Exterior).

City of Detroit Water Works
Low Lift Building (Interior),
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The remaining structure analyzed in the Detroit Water Works is the pre-
chlorination building (Fig, B-10g). This is a single story building with very
heavy roof and medium heavy walls, It is mutually shielded by a low lift pump
station structure located approximstely 60 feet behind the structurs in the
view shown in the photograph (this low liic .»wmp etation cer _ ¢ . Seen over
the top of the pre-chlorination building), Excep:t for this mutval shield, the

area surrounding this structure, as in a case of all the other structures, is
a horizontal, grassy surface,

11, Michigan State Police Headquarters

As shown in Figs. B~lla~--B-llc, this structure consists of three scparate
parts, two of which are two stories in height, and one of which is a single
story garage structure, The two story portions have light roofs and floors
and medium heavy exterior walls, The garage portion has medium heavy exterior
walls, but has nearly 100 percent apertures on two sides (the one shown in the
Fig. B-llc and the one opposite that shown), The roof of this part is also
very light, The area surrounding the facility consists of paved parking lots

and streets for the most part with a limited grassy area in froat of the
facility.

12, Roseville Police Headquarters, Roseville, Michigan

This facility consists of a sprawling one-story structure of medium weight
walls and very light roof, The police headquarters has a core section which
is 84x84 feet in dimension. Facing the front of the building, there is a
24-~foot extension from this section to the right; this projection is approxi-
mately 39 feet deep. Figures B-12a and B-12b show the front of the structure,
Figure B-12c shows the right rear view, including the 24x39-foot projection
(at the left in the phorograph). The facility is duilt adjacent to a municipal
court building and garage building which act as a mutual shield to the struc-
ture in question (this adjacent building is at the left in Fig. B-12b, and at
the right in B~-12¢). Surrounding the facility is a large open area that con-
sists of about half grass and half paved parking lot or street. As can be
seen in the photographs, the front of the building is largely windows. The
other sides of the building, with the exception of the 24x39-foct projection,
are largely so:id wall,
13. Roseville Fire Department Headquarters, Reseville, Michigan

This facility is a compound structuxe consizting of a vae~story office and
living quarters buildinrg, 39 feet wide by 109 feet deep, of 12-foot height, and
a garage building, 65 feet wide by 92 feet dcep and 15 feet high, The walls of

both parts are medium heavy and the voofs are very light, The general layout
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Michigan State Police Headquarters,

Michigan State Police Headquarters,
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of the facility is seen in the photograph (Fig. B-13), It is located in a
horizontal plane and has concrete aprons front and rear with horizontal grassy
areas or gravel surfaces past the concrete slabs. The planes are open front
and rear to a minimum of 400 feet and to a minimum of 60 feet on the left of
the view shown in the photograph, and 200 feet on the right of that view. Left
and right of the facility are buildings of very light construction which afford
little or no mutual shielding to the facility. The entire facility must be
decontaminated for operational effectiveness in a fallout situation.
14. The Lingeman School in Detroit

As shown in the photograph and the plot plan (Figs. B~-14a and B-14b), the
Lingeman school is a three-storied structure with heavy walls, light roof, and

medium weight Iloors. ¥t is surrounded on the north, west, and south sides

by graveled playground areas, and c¢a the east side by a small grassy area and
a paved street. The other facilities in the area are of very light construc-
tion and aﬁforq little or no mutual shielding., In order to use the school

for emergency medical and housing purposes, the entire area should be decon-
taminated, No one special part of the structure has preference over any other.
The annex buflding shown in the plot plan is approximately 15 feet high and
does afford some mutual shielding to the structure; however, in view of its
relatively small size, the effects are minimal,

15. Hale School, Riverview, Michigan

This structure is of irregular shape, one story in height, of medium
heavy wall weight, and medium roof weight (Fig. B-15a). It is surrounded by
essentially an iafinite plane of either paved or grass play and lawn area.

The structure has a few small peripheral buildings which afford scme mutual
shielding, but primary mutual shielding comes from other parts of the facility
itself.

Any attempt to utilize a structure of this type for emergency medical or
housing purposes in a post nuclear attack situatjon would necessarily presage
a consideration of all surrounding areas as potential source planes. There
are no special characteristics to the facility with the excepticn of the
covered walkway shown in the background of the view in Fig. B-15b, The walkway
extends from the rear of the building (to the right in the photograph) to the
front portion of the structure, a very small portion of whick is visible at
the left of the photograph. The overall facility is very irregular in shape,
but has maximum dimensions in the wing shown to the right in Fig. B-15b of
240 feet by 117 feet. The portion of the siructure to which the covered

B~32

e




e

DHALIS SR LI S Fieptne

GABTRORE:  SUMES Lxe]

APt P P L S VR I I

TR AT BRI

T

N
L
s
8
-3

Fig. B-13.

Roseville Fire Department Headquarters.
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Fig. B-l4a. The Lingeman School (Plot Plan).
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Fig. B~1l4b, The Lingeman School.
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Fig. B-15a. Hale School (Front View).

B-15b. Hale School (Covered Waikway).
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walkway is adjacent is 300 feet by 48 feet wide. The remaining portion of
the structure, shown in the foreground of Figure B-15a, is approximately
80x120 feet in dimension. The height of the structure is approximately 18
feet, These dimensions are all extremely rough since there are many irregu-
larities to the actual building shape; howuver, they do serve to give an idea
of the size of the structure involved,

16. Municipal Building in Roseville, Michigan

As can be seen from tne plot plan and the photographs of this facility
(Figs. B-16a--B~16c), it is an unusually shaped structure, consisting of a
two-story office area, 24 feet in height; and a one-story garage and auxiliary
area, 14 feet in height, The structure has medium hesavy exterior walls and
light roof and floors, It is surrounded by large, openr plenes and has une
mutually shielding building on the north sise approximately 160 feet distant
from the facility in question. On the south side of the structure are sgome .
light frame buildings, approximately 100 feet away, and on the west side are
some Light, commercial structures approximately 150 feet dictant, The east
side of the structure is open for st least 300 feet, The surrounding areas
are primarily paved surfaces with a few grassy areas as shown in the photo-
grapha, There is nc preferential portion of the buildiag from a Gecontamina~
tion standpoint and if the structure were to be utilized in a postattack
situation, decontanination of the area surxrounding the entire faciiity would
probably be required,

17. Roseville DPW and Water Building
As shown in the photographs (Figs. B-17a and B-17b), this facility con-

sists of a ceniral office space surrounded by several garage structures, The
exterior wall construction is of medium weight and the roof is of light con-
struction, The office area is approximately 13 feet high; the garage s’ruc-
tures are 20 to 25 feet high, The primary thing of interest in this facility
is in the surrounding planes., All of these areas consist of unpaved, gravel
surfaces, used primarily for refuse disposal truck parking and emergency public
wovks vehicles, This facility would have to have its garage space and onffice
area operational in a postattack situation if it ere to be functional. It is
of note that the deconramination of an area such as this would be particularly
difficult, because of the high porosity of the surrounding surface area, unless
piling or grading techniques were used, There are no other special properties
about the structure, It is of shell construction similar to the garage service

facilities of many public works depariments., The surrounding planes are
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Fig. B-l6a. Roseville Municipal Building (Plot Plan).
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Fig. B-16c, Roseville Municipal Bullding
Garage and Auxiliary Area,
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Fig. B-17b. Rogeville DPW and Water Building
(Right Rear View),
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essentially infinite in extent and the only mutual shielding afforded in
the facility is that provided by the different parts of the structure.
18/19, The Kroger Food Store and the Detroit Bank and Trust Company.
both located in the Northland Center Shopping Complex*
The Kroger Food St.ore is Facility Number 12 in this complex, and as
shown in the plot plan and photographs (Figs. B-18/19a--B-18/13c), is an
integral portion of a larger structure, The facility is bounded on the

scutheast side by an extremely large parking area, and on the opposite
(northwest) side by a partially covered mall, The walls of these two sides
are virtually all glass or equaily light material. The adjacent structures
on the two remaining sides have fairly light walls, but do afford some mutual
shielding, The roof of the structure is of very heavy construction and
about 18 feet high,

The Detroit Bank is Facility Number 1 in the plot plan, and as shown
in the photograph (Fig. B-18/15d1) has a construction very similar to that
of the Kroger Food Store, This facility, however, is bounded on two adjacent
sides (northwest and northeast) by an extremely large parking area, and by
mutually shielding facilities on the other two sides, Again, the walls of
the structure are virtually all glass, or equivalent (from a shielding
standpoint), and the roof is very heavy and approximately 18 feet high.

As can be noted from the photographs, the mall is partially ccvered
between the various facilities in the shopping complex and the walkways
peripheral to the structure are also covered by a heavy canopy. This canopy
is approximately 15 feet high and 15 feet wide around all facilities in the
complex,

: 20, Detroit Metropolitan Wayne County Airport

; As shown in the aerial photograph (Fig., B-20a), this facility consists
of a large complex of structures surrounded by essentially infinite fields
of potential fallout contamination, The surrounding areas are partially
grassed, and partially paved. The only mutual shielding afforded the
facility is by differxent structures and parts of structures within the

[EEETCAE LR et

A et T

~eh

complex itself, The portions of the facility chosen for study were the main
terminal building (¥ig. B~20b), and the central service building (left
center; Fig, B-20c)., These two structures, as shown in the pbotographs,

TR

have large window areas; however, except for windew area the structures have

medium heavy to very heavy external walls, and have very heavy roof and floor

LA N LT S TR ISETA L BN T

construction,

These facilities are described together here since they are part of the same
complex even though they fall in different priorities for decontamination
(Cf. Table VII, page 35).
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Fig. B-18/19b.

The Kroger Food Store (Front View),
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Fig. B-18/19d.

The Kroger Food Store and Parking Area.

The Detreit Bank and Parking Area,
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Detroit Metyopolitan Wayne County Alrport (Aerial View).
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Main Terminal Building,

Fig. b-20c.

Detroit Metropolitan Wayne County Adrnort
Central Service Building,
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The main tem inal building has two stories above the grade shown in
Fig. B-2Cb, and hus 2 control tower atop the structure, The structure also
has a story below the grade showr opening at grade level on the landing strip
eide, There is an entrance at this lower grade level on the parking area
side, This lower floor is assumed to be the first floor of the structure,
The height of the structure is approximately 45 feet above the zrade shown
in Pig. B-20b, excluding the tower. It measures approximately 200x400
feet, excluding concourse areas.

The central service building is a six story, approximately 73 feet tsll
facility. This building measures spproximately 130x330 feet. As shown in
the picture (Fig. B-20c), this building has solid end walls and a large
aperture fraction, front and rear.

The special characteristics of the airport facility consist of the
extremely large and complex areas required for land vehicle and aircraft
parking, and the very wide expanse of windows within the facility buildings
chemselves, In a postattack situation the entire drive and parking area
adjacent to the structures of interest must be decontsminated for safe opera-
tion., Alszo, the aircraft docking areas and loading facilities must be decon-
taminsted, Since landing and take-cff operations blow a considerable amount
of debris around the area, operation of the facility of this type would also
necessitate essentially complete clean-up of the entire runwsy and airplane
parking area.
z2l. Detroit Bolt and Nut Coxpany

This facility consists of a large one-story structure. The fromt
portion of the building (approximately 145x84 feet deep) is office area,
approximately i2 feet in height (Fig. B~2Ia). Behind this is a loading
dock area, approximately 145x163 feet and 16 feet in height (Fige. B-21b,
B-2Zic and B-21d). Behind this area is the wider, rear section, of the
structuze, approximately 231x503 feet, and 16 feet in height (Fig. B-2ib).
The welis of the structure are medium heavy and th; roof is very light.
The unusual characteristic of this building is shown ia the photographs.
It consists of c completely covered losding dock with a ramp leading into
this area (there is a3 second loading dock similar in rnature but of smaller
width further to the rear of the structure). In order for thiv facxlity
to be operutional, not oniy would tiie planes surrounding the facility have

t> be decoantaninated, but effort would have to be made to kces the covered
dock areas fallout-free.

B-45




Rt 0 LAt et - - - Tagey MG’ TJ St & Sew s LGSR JS SR NS5 R E LiAALEMGIR TAON DIVt b (il 5 b ST R AR A AL LI L
Sk A

SR LI SR

5
4
2

5

Qeacrtatal s

B Fig. B-2la. Detroit Bolt and Nut Company (Office Area),

P
WL Ak
MRS ‘}\263;*5;

2
l’if\

RYAA ST 15 k™ Iy 4 1 eyt

‘s
Extiattd

e i

N
—
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Detroit Bolt and Nut Company (Ramp).

Fig. B-2lc.

e

e g

Detroit Bolt and Nut Company

Covered Loading Dock

Fig. B-21d.
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Surrounding this facility are mostly parking and grassed areas, A
mutually shielding building extends along the front and loading dock areas
of the facility approximately 40 feet from the side of the structure
opposite that shown in Fig., B-21b. At the rear of the facility is a
storage building at approximately 105 feet distant which also acts as a
mutual shield, Notwithstanding these other structures, the greatest portion
of the surrounding area is essentially an infinite field,

22, The Detroit Arrillerv Arory

This facility is an extremely large one- and two-story structure, The
floor plan has a large rectangular area with a relatively small "T" shaped
section extending from the center of one long side., The large rectangular
portion of the structure is approximately 470x1050 feet, and 20 to 28 feet
in height, This portion of the structure is shown at the left in Fig,

B-22a, The smaller frout portion of the facility (at the right in Fig,
B-22a) is approximately 45x440 feet in plan dimension, 25 feet in height,
This portion is offset from the larger structure by a part approximately

135 feet long by 25 feet wide, 25 feet high (right center, Fig, B-22a),
Figure B-22a is a side on view of the west side facility; Fig, B5-22b shows
the view from the southeast quadrant, Figure B-22c shows the rear of the
facility, partially shielded by a light corrugated metal structure, This
last view indicates the size of structure and the nature of its surroundings,
The front "I" shaped portion of the structure is built of medium weight
walls and roof, and very heavy floors, The rear part of the building has a
medium weight roof and exterior walls., The only significant mutual shield-
ing afforded in the facility is by different parts of the facility itself
and as can be vaguely seen by the photographs, the principal characteristics
of the structure are its extremely large size and the large gravel and grassy

areas surrounding it,
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Decontamination Analyses of Detroit Facilities
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Appendix C

Decontamination Analyses of Detroit Facilities*

The facilities included in the Detroit Survey made under this contract
were gsubjected to analyses of the dose rates recewved at a central detector
location within various parts of the structures comprising the facilities (a
structural part is considered to be a portion of a building which can be described
by a rectangular floor plan; this is the technique utilized in the description of
a facility to the NFSS/PF-COMP Computer Programézj). The PF~COMP Computer Program,
which utilizes Engineering Manual Techniques, was employed to calculate the
contribution to detectors located at the center and three feet above the various
floors of the structures studied. This technique, which is reasonably accurate
for large contaminated fields and roof sources, served to indicate the sources
of the most important contributions to the various detector locations, Table C-I
indicates for each of the facilities studied the relative importance of roof
to ground sources.

The PF-COMP Computer Program was further utilized to analyze the relative
ground contribution from each plane outside the facilities being investigated.
Using these results, an identification was made of the most significant ground
planes contributing to the dose rate at the various detector locations. These
significant sources were further utilized in determining the effectiveness of
decontamination of a facility as a function of the width (measured perpendicular
to the wall) of the contaminated plane exterior to the wall.

The characteristics of these planes and the associated walls were coded
for analyses by the CONSTRIP V Computer Program. The method of analys. was
to describe the source planes in rectangular geometry with rectanguliar sub~
divisions specified. This particular format was chosen so that general conclusions
could be reached concerning the effectiveness of limited strip decontamination with
a minimum number of unknown parametric effects due to unusual source geometries.

In the analysis of the source planes for the facilities studied there are generally
five equal width strips parallel to the wall and three corridors extending outward
from the wall, The wall itself defines the base of the central corridor which in
turn is flanked by a corridor of equal width on both sides. In the cases where
this was not possible or desirable because the external plane was bounded by one

or more mutuaily shielding structures, special consideration was given and

Cf. Table VII, page 35.
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Table C-I

e L ST L LT

RELATIVE CENTER DETECTOR LOCATION CONTRIBUTXION

IN DETROIT SURVEY FACILITIES

No, of Story

n
Facility Stories No, s Cg
ST, JOHN HOSPITAL

Right Wing 7 1 0.0 0.0206
2 0.0 0.0143
3 0.0 0.0092
4 0.0004 0.0074
5 0.0019 0.0063
6 0.0019 0.0072
7 0.0415 0.0062

Right Section of Front Wing 7 1 0.0 0.0035
2 0.0 0.0114
3 0.0 0.0090
4 0.0005 0.0074
5 0.001% 0.0071
6 0.0081 0,0082
7 0,0579 0.0078

Center Wing 7 1 0.0 0.0028
2 0.0 0.0117
3 0.0 0.0065
4 0.0005 0.0037
5 0.0020 0.0035
6 0.0082 0.0050
7 0.0408 0.0046

Teft Wing 6 1 0.0007 0.2827
2 0.0027 0.0886
3 0.0165 0.0557
4 0.0320 0.0433
5 0.0940 0.0323
6 0.2636 0.0249

USPHS HOSPITAL

Front Wing 3 1 0.0025 0.0302
2 0.0094 0.0221
3 0.0394 6.0177

Right Front Wing . 3 1 0,.0031 0.0200
2 0.0121 0.0309
3 0.0397 0.0161

Central Wing 4 1 0.0098 0.0017
2 0.0134 0.0076
3 0.0207 0.0072
4 0.0386 0.0072

Right Rear Wing 4 1 0.0004 0.0251
2 0.0024 0.0452
3 0.0095 0,0362
4 C.0474 0.0289

(Continued)
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Table C-1I (Continued)

o

No, of Story c c
Facility Stories No, o g
Left Rear Wing 4 1 0.0004 0.0215
2 0.0023 0,0455
3 0, 0094 0.0398
4 0.0464 0.0333
lLeft Front Wing 4 1 0.0004 0.0107
{section close to center) 2 0.0019 0,0166
3 0.06G76 0.0118
4 0.0362 0.0098
Left Front Wing (end section) 4 1 0.0010 0.0337
2 0.0034 0.057¢
3 0.0126 0.¢
4 0.0825 C.0401
PROVIDENCE HOSPITAL
Right Half of Front Wing ) 1 0.0000 0.0146
2 0.0010 0.0152
3 0.0005 0.0144
4 0.0023 0.0122
5 0.0093 0,0101
6 0.0470 0.0095
Core Section with Loading Dock 3 1 0.0021 0.0027
2 0.0126 0.0035
3 0.0405 0.0146
Special Loading Dock Subsection 4 0 0.0040 0.0025
1 0.0083 0.0134
2 0.0084 0.0122
3 0.0381 0.0218
Emergency Entrance Section 3 1 0.1583 0.0162
2 0.0348 0.0166
3 0.2281 0.0098
MISTERSKY POWER STATION
Left Front Section 0.0347 0.0053
Right Section 0.0785 0.0032
Left Rear Section 0.0480 0.0166
FERMI ATCMIC POWER PLANT 1 1 0.0403 0.0753
WXYZ RADIO AND TV
Rear Section 2 1 0.0374 0.0266
2 9.1652 0.0121
Center Section 3 i 0.0366 0.0101
2 0.1522 0.0126
3 0.1676 0.0196
Frent Section 1 1 0.1419 0.0258
c-5

(Continued)
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Table C-1 (Continued)

No. of

Story

Facility Stories No. Co cg
MICHIGAN BELL, Lahser Rd. 3 1 0.0128 0.0177
2 0.0360 0.0140
3 0.0837 0.0113
MICHIGAN BELL, Van Dyke 3 1 0.0012 0.0032
2 0.0065 0.0046
3 0.0431 0.0037
WASTE~WATER PLANT
Office 2 1 0.0035 0.0407
2 0.0444 0.03582
Control 1 1 0.0336 0.0379
Machinery, end toward tanks 2 1 0.0335 0.0315
2 0.0606 0.0169
Machinery, end away from tanks 2 1 0.0106 0.0264
2 0.0507 0.0167
DETROIT WATER WORKS
Low-Lift 1 1 0.1317 0.0222
High-Lift 1 1 0.0451 0.0233
Laboratory 4 1 0.0034 0.0415
2 0.0098 0.0203
3 0.0331 0.0135
4 0.1327 0.0235
Pre-chlorination 1 1 0.0546 0.0542
MICHIGAN STATE POLICE
Front Section 2 1 0.0935 0.0365
2 0.2214 0.1254
Center Section 2 1 0.1092 0.1089
2 0.2270 0.1554
Rear Section 1 1 0.2414 0.1819
ROSEVILLE POLICE
Garage Section 0.1829 0.1552
Main Section 0.1673 0.0919
Wing to Right of Main Section 0.1419 0.1795
(Continued)
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Table C-I {Continued)

P S Tt SN
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No. of story c c
Facility Stories No. 0 g
ROSEVILLE FIRE DEPT.
Main Section 1 0.2138 0.0429
Garage Section 1 0.1918 0.1008
LINGEMAN SCHQOL 3 B 0.0628 0.0356
i 0.1195 0.0184
2 0.2795 0.0227
HALE SCHOOL
Left Center Section 0.2546 0.0327
Left Front Section G.2309 0.0347
ROSEVILLE MUNIC7PAL BUILDING 3 B 0.0611 0.0229
1 0.0775 C.0625
2 0.1869 0.0853
ROSEVILLE DPW & WATER
Right Front Section 0.1115 0.2101
Front of Center Sectiorn 0.3036 0.0759
Left Front Section 1 0.2356 0.0829
KRGGER STORE 1 1 0.0189 0.0530
WAYNE MAJOR AIRPORT
Central Service 6 1 0.0 0.1763
2 0.0 0.0325
3 C.0002 0.0205
4 0,0012 0,0130
5 0.0065 0.0103
6 0.0432 $.0086
Terminal Building 3 1 $3.0384 0.1076
2 00,0154 0.0581
Tower 0.0312 0.0486
DETROIT BOLT & NUT CO.
Office Area : 0.3851 0.0763
Loading Dock Area B 0.3109 g.c110
1 90,3586 0.0567
Main Avea Back to Lozding Dock 1 1 0.4953 £.0152
(Continued)




Table C-~I (Continued)

No. of Story C c

Facility Stories No. ] g
Main Area Opposite Loading Dock 1 1 0.3164 0.0253
Back Area 1 1 0.3170 0.6170

DETROIT ARTILLFRY ARMORY

Right Front Corner of Main Section 1 1 0.2788 0.0167
Right Center Part of Main Section 2 1 0.0302 G.0G89
2 0.2291 0.0128
Right Wing of Front Section 2 1 0.0246 0.0678
2 0.2525 0.0295
Left Rear Corner of Main Section 1 1 0.2927 0.0056
DETROIT BANK & TRUST 1 1 0.0169 0.0257
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these cases were analyzed separately. Ia all calculations the detector locations
described in the CONSTRIP V Compuver Analyses corresponded to the central detector
location of the PF-COMP anslyses.

The data from the PF-COMP and the CONSTRIP araiyses were combined o preduce
a study cf the effectiveness of limited strip deccntaminatioa. For plames of
essentially infinite extent the radiation from the plane as given by the PF-COMP
calculations were taken as the total ground contribution frue that plane. De-
contamination effectiveness was derermined by utilizing the CONSTRIP V Program
to calculate the dose rate from each of the fifteen patches (five strips times
three corridcrs) external to the walil. It w&s assumed that fallout was removed
completely from each patch in succession moving outward from the wall. The
percectage of the radiation remaining after decontasination in this fashion was
then determined. The results cf these analyses for first floor detector locations
are presented in Tables C-IXa and C-IIb. Shown is the pezcentage of ~he contri-
bution from the wall being studied after decoctamination to the cortribution
originally passing tihrough that wall. Also showm is the per~centage of the original
dose rate radiation through the barrier being studiec to the total original dose
rate at the detector position (rhie indicates the importance of the sourcc field
under consideration). Parameters of the barrier and source planes are also given.

in the case of walls exposed to limited contaminated planes (those plaves
which have mutually shielding buildirgs or cther asztural shstructiens bounding
them), it was found that thi PF-LOMP Computer Progrem produwced total radiation
prediztions which were significantly smaller in many cases than those calculated
by the CONSTRIP V Program.® As a result the contribution for the entire plane
calculated by the (CNSTRIP Prograk was taken to be the total contribution for
the decontamination effectiveness analyses. The PF-COMP csiculations were still
used as a guide to the relative importance of the contribution from the limited
plane.f

Table C-1Ia shows the residual contributienr through the barrier in questioa
to the initial contribution through that barrier considering that the corridor
centered on the barrier wall has been compietely cleared of fallsout zontemination
to the limit of the contsminated plane. The rezidual dose coges from the wing

Limited planes, for purposes of discussicn, haye been assumed to extend
nc further than 200 feet perpendficular to the wall in questfion; planes with
greater width have been assumed ixfinite.

¥ Sky shine was not included in the PF-COMP calculations since much of it

arises from sources beycnd the limited aresas under consfderatiown.
c-¢
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corridor(s) of the plane (those to either side of the central corridor). The
size of the corridor width (the wall length) and the field width (the distance
perpendicular to the wall to limit of the contaminated plane) are also indicated.
The contributions shown in all cases in Table C-IIa are those from the ground
source exterior to the wall barrier.

Table C-I1Ib shows similar information to that in Table C~Ila, except that
here infinite plare and roof sources are considered for the structures involved.
For wall barriers, the contribution indicated is that from the external ground
source. In the case of roof barriers, only roof sources are assumed in the
analyses. The residual percentage contribution through wall barriers after
decontamiration are shown in Table C-IIb along with the distance cleared per-
pendicular to the barriers in the central corridors. For roof sources the
entire roof is assumed to be left free of fallout after clean up procedures
have been carried out. In calculations of dose rates from roof sources, the
barrier mass thickness used is the total intervening mass thickness between
source and detectoz.

The results of these calculations were analyzed in various ways as described
below to find relations-ips between the various parameters involved. In all of
the analyses, the dista.i:e cleared refers to the distance the corridor directly
adjacent the wall is cleared in a direction perpendicular to the wall. The wing
corridors generally have been found to give a small to insignificant percentage
contribution to the “otal dose entering through a wall. Therefore, the analyses
(shown in Tables C-I1Ia and C-IIb) have been limited to the decontamination efforts
aimed first at that portion of the plane directly opposite a given barrier.

Analyses were performed of the relation between distance cleared out from
the wall and the percentage of total contribution still entering through the wall
after clearing. Thése analyses were done for five wall thickness categories:

0 to 19 psf, 20 to 39 psf, 40 to 79 psf, 80 to 119 psf, 120 to 159 psf, and 160 psf
or more. It was clear from the analyses that barriers could be divided into two
categories, namely those facing essentially infinite planes, and those facing
limited planes of contamination. Wall weights had no effect on percentage of
residual dose rate after central corridor decontamination. The two general

categories are discussed in the following.

C-12
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A. Walls Facing Iafinite Planes of Contamination

Figure C-1 indicates a lack of correlation between percentage of residual
dose raie after partial decontamination of infinite planes as a function of distance
cleared in the central corridor. In the analyses which produced this iigure, the
wall mass thickness of each of the barriers was also considered as described above.
Other parameters investigated included the wall height, wall length, and building

shape (the ratio of the wall length to the perpendicular distance from the wall

to the detector location). No significant correlation was found with any of these
parameters to the effectiveness of limited strip decontamination of central corridor
areas adjoining wall barriers.

"It should be ncted, however, that in most cases investigated, the roof contri-
bution is still the most significant of all contributions arriving at the detector
‘ location for the facilities in which the detector is located within three floors of
the roof source. Therefore, as yet no generalized guidelines can be given for
limited strip decontamination operations of infinite field ground sources. However,
it can be safely stated that roof sources are often the most significant and should

be given highest priority for facilities to be occupied within three floors of the

roof source.

B. Walls Facing Limited Planes

Analyses similar to those discussed above for the infinite plane cases were
conducted for wall barriers adjacent limited source planes. As mentioned abcve,
the CONSTRIP V total dose predictions were utilized here as the basis for deter-
mining the residual percentage contribution through a wall barrier as a function
of the distance cleared perpendicular to the bairier. In all cases, the analvses
assumed only the central corridor to be decontaminated. Wing corridors were found
to make varying amounts of contributions through the wall barriers depending upon
wall thickness and geometrical configuration of the source area. The Figs. C-za
through C-2d indicate the percentage residual contributions through various wall
barriers as a function of the percent of the central corridor cleared. Clearing
is assumed to start and move outward from the barrier and to take place uniformly
across the entire corridor, i.e., the fallout is removed in stcips parallel to the
X wall. These analyses were separated into four groups according to the width of
\ the limited plane of contamination: O to 49.9 feet; 50 to 74.9 feet; 75 to 99.9 feet;
and 100 feet or more. As can be seen from the figures, decontamina*‘on of 100 percent
of the central corridor generally produces a reduction of ground contribution through
the wall barrier by 90 percent or more. The exceptions to this are for wall barriers

in which the ratio of the length of the wall to the perpendicular detecter distance
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from the wall is small, The direct contributions are small in such cases a the

scatter contributions from the wing corridors are proporticnately more signi cant.
Scatter contributions are also more important the higher the floor of th

detector story is above the planes of contamination (the floor acts as a barri

to direct radiation from close-in source patches). However, the variation in t or

height was too large in the Detroit Survey to be subject to meaningful analysis.

C. Special Characteristics Considered in the Analyses

The analyses performed of the facilities in the Detroit Survey coasider pri-
marily the effect of limited strip decontamination on dose rate received at par-
ticular 1l.cations on the first floor. Similar analyses were done for upper floor
but the effect of decontamination operations is decreased in these cases since ¢ ..
floor barriers present additional shielding of direct radiation from the limite:
source external to the building walls. Therefore, maximum effect of limited strip
decontamination is always observed at the first floor detector location and this
location was chosen for the analyses to reflect maximum parameter sensitivity.

In the analyses, the apertures (doors and windows) in the facilities were not
considered in the CONSTRIP V calculations though they were taken into account in
PF-COMP to determine the most significant source planes. The exceptions tc this
arise when essentially an entire wall was found to be of extremely ljight construc-
tion, e.g., a display window at the front of a store. The effect of ignoring
apertures in the CONCIRIP calculations is to increase the scattered contribution
coming through the wall. The direct contribution in the facility amalyses arose
from source planes which were shielded by the wall areas below windows, and thus
except for doorways, which were of minor consideration, apertures do not affect
the direct radiation calculation. Assuming there are no apertures in the wall
ccapensates to some degree for the radiation scattered in and down from walls of
the stores above the detector location, and radiation from other miscellaneous
sources such as ceiling-shine and skyshine through the overhead mass thickness.*

Thi:re are characteristics of some of the limited planes surrounding facilities
which merit further discussion. In the case of the United States Public Health
Service Hospital, a number of special considerations must be taken into account.
The shape of the building may be imagined as a stick-figured man with a wide, flat
head.+
were treated as one plane, with the detector centered in the head of the figure.

The two limited planes between the head and arms of the stick-figure man

Because of this detector location, the central portion of one wall is shielded
by the neck of the figure. The result of the calculation for this wall is not

Skyshine through the wall barrier is accounted for by the build-up factor
used in CONSTRIP.
.i.
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included in the figures. It is mentioned here because the result of cleaning of
the area directly below the head of the figure, yields a decontamination effective-
ness of roughly 77 perceit. This indicates the abnormally large importance of the
wing areas in the case of a shielding structure adjacent the ~enter of a building
part under consideration.

The arms of the stick-figure shape of the USPHS Hospical were also analyzad.
These bw.llding por®. ar~ .-r~ 2lly shielded by the head of the figure. The resulting
configurations were treated as limited planes extending the entire length of the
am walls, plus offset corridors beyond the edge of the head. For each amm, the
limited plane next to the wall extends for approximately 31 feet pe..svdicular to
the wall and along the entire length of the wall, and a corridor of contamination
extends for an additional 100 feet beyond the 31 foot widik:. The analyses can be
more easily understood by referring to the plot plan of the facility given in
Appendix B of this report. For both arms, the limited plane extending approximately
31 feet from the wall contributes approximately 55 percent of the combined cortribu-
tion of this plane and the 100 foot corridor beyond. The corridor accounts for the
remainder of the contribution through this wall.

The right leg (the one to the right with the figure in an upright position) of
the USPHS Hospital facility faces an approximately triangular-shaped, totally enclosed
area bounded by the right arm and some other peripheral structures. This potential
plane of contamination was treated as two strips each the length of the wall by
20 feet wide and two further 20-foct wide strips narrowing in length to approximate
the boundary imposed by the arm of the structure. The left leg of the facility was
treated in the identical manner., Clearing these areas of fallout contamination
would leave a residual ground contribution of less than 5 percent through the wall
barrier to a centrally located detector position.

The rear portions of the right and left arms of the USPHS Hospital face the
same triangular areas as was discussed above for the legs of the structure: In
addition to this triangular area, there is a potential radiation source from a
corridor defined by the peripheral buildings and the end of the structure's leg.
Decontaminating only the triangular section of this contaminated field leaves a
residual ground contributicn through the wall in question of 33 percent of the
original contribution,

Other structures also were encountered with special characteristics. Examples
are the Hale School, which is built in the ghape of a letter "J" with an inward
projection from the short leg of the "J," and the Roseville DPW and Water Building,
which is built in the shape of a "U." Also, the St. Sohn Hospital has several
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projections and alleyways which constitute special considerations for decontamination
evaluation.

The St. John Hospital has limited planes which were well defined rectuangular
areas, and were ~asily included in the analyses of limited field contributions given
in the figures. The Roseville DPW anc Water Building has building parts which are
partially shielded by the adjacent other parts of the structure. This causes asymme-
tries in the contributions from the various wing corridors of the facility, but
otherwise causes little complication in the analysis by CONSTRIP. 1In the case of
the Hale School, the "J" shaped area also was easily described in the CONSTRIP
Analysis. In all cases vhere the planes could essentially be concidered as limited
poteatial areas of contamination, essentially roctangular in secticn vr subsecrion,
clean up produced results typical of th~se shawn in Figs. C-2a to C-2d.

The special characteriatics of these planes and their importance required
detailed description for accurate analysis of each facility. It is not the pur-
pose of this investigation tu investigate facilities, per se, but only to char-
acterize structures involved according to general and special characteristics.
Therefore, the above discussion was made only to point out that this kind of
description and analysis is possible through the use cf the CONSTRI? V Computer
Program. Some of the special characteristics of nther facilities included ramps
and loading docks. These components require total decontaminaticn for use. The
effectiveness of such action is dependent upon the extent of the source plane to
which the cowponent is exposed. For limited planes, the results obtained above
apply; for infinite plenes, general guidelines cannot as yet be given.

D.  Summary

Rcof sources are generally of first importance in decontamination cperations.
The auglyses of the Detroit Survey Facilities indicate that no generalization as to
the effectiveness of limited strip decontamination can as yei be made for facilities
adjoined by essentially infinite planes of contamination. For limited planes of
contamination, anticipated results of decontamination may be expected to follow the
curves faired through the points in Figs. C-2a to C-2d.

As a general rule, it may be stated that for limited plenes, the portion
of a contaminated field defined by the width of the field and the length of
the wall adjoining the field, i.e., the wali adjacent corridor (cf£. Fig. 3,
page 9) is of parsmount importance in decontaminaticn of ground sources.

However, when a contaminated field is partially bounded by a mutual shield
or natural obstruction to fallout deposition, it is necessary to consider
the wing corridors. In these cases the wing corridors may contribute 30 to
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50 percent of the tctal dose rate contribution (consider for instance the
specizl considerations described above for the USPHS Hospital). In any

event the best conclusion to be reached for direction of deccontamiration
operations is to concentrate on structures with limited fields of contamina-
tion, and, after decontam’nating the rvof of the structure (if it is within

3 floors of the detector location, to concentrate on cleaning up the corridors
adjacent the walls of the building.
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